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VIBRATION SUPPRESSED BICYCLE 
STRUCTURE 

FIELD OF THE INVENTION 

The invention relates to a vibration Suppressed bicycle 
Structure, and particularly to a bicycle that has active and 
passive energy consumption mechanisms containing 
ceramic piezoelectric elements to convert the vibration 
energy of the bicycle body into electric energy, which is 
consumed in heat or gathered for use in active control to 
absorb Vibration energy, enhance Structural performance, 
and reduce vibration So that bicycle riders are more com 
fortable and have improved maneuverability. 

BACKGROUND OF THE INVENTION 

A conventional bicycle usually includes a frame, a handle 
Set, a pedal Set, a front wheel Set and a rear wheel Set. The 
pedal Set and rear wheel Set are coupled with a chain. The 
pedal Set may be driven to rotate the rear wheel Set to move 
the bicycle. Nowadays many bicycle riders ask not only 
Speed, but also comfort during a long distance riding. Hence 
to make the bicycle rider comfortable while riding in high 
Speed is an important issue of bicycle design. Improving 
Shock absorption is also an issue of especially high priority. 

The usual Shock absorbing approach for the bicycle is to 
install Springs between the frame and the front wheel Set and 
the rear wheel Set. This approach can absorb energy, but 
provides no improvement on the entire frame Structure. And 
the riding maneuverability will become worse. 
When a rider rides the bicycle on a road, vibrations are 

transferred from the front wheel set and the rear wheel set to 
the handle bars and the frame. This makes the user uncom 
fortable in a long distance ride. Hence it is a common 
practice to add Shock-absorbing Springs between the frame 
and the front wheel set and the rear wheel set to reduce 
Vibration. However Such an approach Still cannot fully meet 
practical requirements, because the riding maneuverability 
will become worse when the Speed is required. 

SUMMARY OF THE INVENTION 

The primary object of the present invention is therefore to 
provide active and passive energy consumption mechanisms 
that employ ceramic piezoelectric elements with a high 
damping effect to absorb the vibration energy of the bicycle 
body and reduce vibrations. Ceramic piezoelectric material 
has many desirable properties, Such as a high piezoelectric 
coefficient, high dielectric constant, high mechanical damp 
ing, fast response and pliability. Connecting the piezoelec 
tric material to an external shunt circuit, the mechanic 
characteristics of the piezoelectric material are affected, and 
the mechanical impedance characteristics change. By cou 
pling the shunted piezoelectric elements to a structure, the 
loSS coefficient increases. Hence, upon coupling with pas 
Sive control and active control approaches, the vibration 
behaviors of the structure may be altered. These two control 
approaches have their advantages and drawbacks. They also 
may be used in a cooperative manner. 

Another object of this invention is to utilize the charac 
teristics of ceramic piezoelectric material Such as the high 
piezoelectric coefficient, high dielectric constant, high 
mechanical damping, fast response and pliability to convert 
the Vibration energy of the bicycle body to electric energy, 
which may be consumed in heat or gathered for use in active 
control to absorb Vibration energy, enhance Structural 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
dynamic performance and reduce vibration to give bicycle 
riders a more comfortable ride. 

To achieve the foregoing objects, this invention provides 
an improved vibration reduced bicycle Structure. The Struc 
ture has a frame that includes a upper tube, a head tube 
coupling with one end of the upper tube, a Seat tube coupling 
with the other end of the upper tube, two rear upper forks 
coupling with an upper Side of the Seat tube, two rear lower 
forks coupling with the distal ends of the rear upper forks, 
a hub coupling with the two rear lower forks and the Seat 
tube, a lower tube bridging the head tube and the hub, and 
a handle set movably coupled with the head tube. The 
bicycle frame has piezoelectric elements located on high 
Strain areas when Vibrating. Through the characteristics of 
piezoelectric elements Such as the high piezoelectric coef 
ficient, high dielectric constant, high mechanical damping 
and fast response, the active and passive energy consump 
tion mechanisms of the bicycle that contains Such piezo 
electric elements can convert the bicycle body vibration 
energy into electric energy, which may be consumed in heat 
or gathered for use in active control to absorb Vibration 
energy, enhance Structural performance and reduce vibra 
tion. 

The foregoing, as well as additional objects, features and 
advantages of the invention will be more readily apparent 
from the following detailed description, which proceeds 
with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic view of the invention. 

FIG. 2 is a Schematic view of the frame and mounting 
locations of piezoelectric elements according to the inven 
tion. 

FIG. 3 is a schematic view of the frame showing strain 
distribution in a third vibrating model. 

FIGS. 4A and 4B are schematic views of the handle set 
with piezoelectric elements mounted onto the high Strain 
CS. 

FIG. 5 is a schematic view of the handle in a vibrating 
condition. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIGS. 1 through 5, the improved vibration 
Suppressed bicycle Structure according to the invention has 
a frame 1 that includes a upper tube 11, a head tube 12, a Seat 
tube 13, two rear upper forks 14, two rear lower forks 15, a 
hub 16, a lower tube 17 and a handle set 2. 
The head tube 12 is coupled with one end of the upper 

tube 11. The seat tube 13 is coupled with the other end of the 
upper tube 11. The two rear upper forks 14 are coupled with 
an upper side of the seat tube 13. The two rear lower forks 
15 are coupled respectively with the distal ends of the rear 
upper forks 14. The hub 16 is coupled with the two rear 
lower forks 15 and the seat tube 13. The lower tube 17 
bridges the head tube 12 and the hub 16. The handle set 2 is 
movably coupled with the head tube 12. The head tube 12 
further is movably coupled with a front wheel set 21. The 
handle Set 2 includes a handle 22, a Stand 23 located in the 
middle of the front end of the handle 22, and a stem 24 
fastened to the tail end of the stand. The seat tube 13 braces 
a seat 3. The rear forks 14 and 15 have distal ends to 
movably couple with a rear wheel set 4. The hub 16 is 
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movably coupled with a pedal set 5. The pedal set 5 and the 
rear wheel set 4 are coupled with a chain 41 so that they 
move together. 

The high strain areas of the upper tube 11, lower tube 17, 
seat tube 13, two rear upper forks 14, two rear lower forks 
15 and handle set 2 each have piezoelectric elements 6 
located thereon (referring to FIGS. 2, 4A and 4B). The 
piezoelectric elements 6 may be made from lead Zirconate 
titanate (PZT), and may be adhered to the surfaces or 
embedded in the upper tube 11, lower tube 17, seat tube 13, 
two rear upper forks 14, and two rear lower forks 15. The 
high Strain areas of the frame 1 are detected by a vibration 
test model using a vibration frequency of 350 Hz (referring 
to FIG. 3). Hence the operation frequency of the piezoelec 
tric elements 6 should be set proximately to the correspond 
ing frequency of the vibrating model. For instance, if the size 
of a high strain vibration area is about 25x120mm, the size 
of the piezoelectric element 6 is 25x 120x0.5 mm; that is, 
the length in the deforming direction is 1=120 mm, the 
width is 12=25 mm, and the thickness in the Voltage direc 
tion is 1=0.5 mm. 

The high strain vibration areas on the handle 22 and the 
Stand 23 are detected by a vibration test model using a 
vibration frequency of 576.65 Hz (referring to FIG. 5). 

Again, the operation frequency of the piezoelectric ele 
ments 6 should be set proximately to the corresponding 
frequency of the vibrating model. For instance, if the Size of 
a high strain vibration area is about 20x120 mm', the size of 
the piezoelectric element 6 is 10x120x0.5 mm; that is, the 
length in the deforming direction is 1=120 mm, the width 
is 12=10 mm, and the thickness in the Voltage direction is 
1=0.5 mm. 

In order to improve the adhesion force of the piezoelectric 
element to the workpieces, the piezoelectric element may be 
formed in a ceramic sheet, a ceramic rod or a ceramic fiber 
in an arched shape or flexible manner. The effective piezo 
electric performance of the piezoelectric element 6 depends 
on the length, width, thickness, and the design of electrodes. 

The external shunt circuit connecting to the piezoelectric 
element also affects the mechanics characteristics and alters 
the mechanical impedance characteristics of the piezoelec 
tric material. By coupling the shunted piezoelectric material 
and the Structure, the loSS factor increases. Hence piezoelec 
tric element may be used to control passive structural 
Vibration. The piezoelectric element coupled with an exter 
nal resonant shunting device functions like a passive energy 
absorber. Multiple-mechanical impedance may be included 
in a modal System to achieve an optimization situation when 
SuppreSS Structural vibration. The passive control has many 
advantages Such as not necessary to use external electric 
power and having higher Stability. However, its control 
bandwidth is narrower. The active control detects the vibra 
tion Signals of the Structure. After processing by a designed 
device, equivalent mass, damping and StiffneSS control 
forces are externally fed to the system to alter the vibration 
characteristics of the Structure. Both types have their advan 
tages and drawbacks, respectively. They may also be 
coupled together in use. After the piezoelectric element 6 has 
been polarized, it has a positive and inverse piezoelectric 
effect. When subject to the action of an external electric 
field, the distance between the electrodes is stretched. 
Depending on different designs, the piezoelectric element 6 
is extended parallel or normal to the direction of the electric 
field, and can convert electric energy to mechanical energy. 
On the other hand, when the piezoelectric element 6 is 
Subject to compression, the distance between electrodes will 
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4 
Shrink under compression. Meanwhile, the distance between 
electrodes resists Such an action and generates a Voltage to 
maintain the original condition. The invention employs the 
characteristics of the piezoelectric element 6 Such as a high 
piezoelectric coefficient, high dielectric constant, high 
mechanical damping, fast response and pliability on the 
bicycle frame 1 and handle set 2 to convert the vibration 
energy of the bicycle body to electric energy, which is 
consumed in heat or generate the power for use in active 
control to absorb vibration energy of the frame 1 and handle 
2. As a result, the piezoelectric element 6 becomes a passive 
energy consuming mechanism that generates a high damp 
ing effect. Therefore Structural performance is enhanced and 
Vibration is reduced, which makes bicycle riders more 
comfort while riding. 
While the preferred embodiment of the invention has been 

Set forth for the purpose of disclosure, modifications of the 
disclosed embodiment of the invention as well as other 
embodiments thereof may occur to those skilled in the art. 
Accordingly, the appended claims are intended to cover all 
embodiments which do not depart from the Spirit and Scope 
of the invention. 
What is claimed is: 
1. An improved vibration Suppressed bicycle Structure for 

a bicycle frame, the bicycle frame comprising: a upper tube, 
a head tube coupling with one end of the upper tube, a Seat 
tube coupling with other end of the upper tube, two rear 
upper forks coupling with a upper Side of the Seat tube, two 
rear lower forks coupling with distal ends of the rear upper 
forks, a hub coupling with the two rear lower forks and the 
Seat tube, a lower tube bridging the head tube and the hub, 
and a handle set movably coupled with the head tube; 

wherein the Structure, including the upper tube, the lower 
tube, the head tube, the Seat tube, the two rear upper 
forks, the two rear lower forks and the handle Set, has 
ceramic piezoelectric elements located on high Strain 
areas to form active and passive mechanisms of a 
damping effect to absorb a portion of vibration energy 
of the bicycle to reduce vibrations. 

2. The improved vibration suppressed bicycle structure of 
claim 1, wherein the piezoelectric elements are adhered to 
the Selected locations of the upper tube, the lower tube, the 
head tube, the Seat tube, the two rear upper forks, the two 
rear lower forks and the handle set. 

3. The improved vibration suppressed bicycle structure of 
claim 1, wherein the piezoelectric elements are embedded in 
Selected locations of the upper tube, the lower tube, the head 
tube, the Seat tube, the two rear upper forks, the two rear 
lower forks and the handle set. 

4. The improved vibration suppressed bicycle structure of 
claim 1, wherein the piezoelectric elements have varying 
effective piezoelectric power according to alterations of the 
length, width and thickness of the piezoelectric elements, 
and the design of electrodes. 

5. The improved vibration suppressed bicycle structure of 
claim 1, wherein the piezoelectric elements are made from 
lead zirconate titanate (PZT). 

6. The improved vibration suppressed bicycle structure of 
claim 1, wherein the handle Set includes a handle, a Stand 
coupling to a middle portion of a front end of the handle and 
a stem fastening to a distal end of the Stand. 

7. The improved vibration suppressed bicycle structure of 
claim 1, wherein the bicycle frame and the handle Set are 
made from metal or carbon fiber reinforced plastics. 
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